Purpose: Evaluate the effect of preincubation of oocytes prior to IVF or ICSI cycles with embryo transfer at blastocyst stage. Methods: Retrospective non randomized study based on secondary analysis of data. Setting: Laboratory of Assisted Reproduction at the Alcivar Hospital. Patients: One hundred-eighteen cycles of IVF and ICSI were analyzed in the present study. The evaluated groups were formed for those patients whose oocytes, after retrieval, were inseminated at 1 -3 h (Group I) or 4 -6 h (Group II). Results: There was no difference in fertilization rate (83.6% and 78.1%), Day 3 cleavage rate (95.1% and 97.1%), and blastocyst formation (31.1% and 39.1%) for groups I and II respectively. Clinical pregnancy rates (PR: 53.0% vs 22.9%) and implantation rates (IR: 38.1% vs 13.0%) were significantly higher in group II versus group I, respectively (P < 0.05). Conclusions: Preincubation of oocytes before insemination is a factor which raises the PR and IR after the blastocyst transfer.
INTRODUCTION
The science of In Vitro Fertilization (IVF) has improved considerably in the last 25 years since the first "test-tube" baby was born. A greater understanding of the nutritional and environmental requirements of oocytes and embryos led to advances in culture conditions that have improved IVF pregnancy rates.
Oocyte quality impacts early embryonic survival, the establishment and maintenance of pregnancy, fetal development, and even adult disease. The oocytes are considered to be meiotically mature after extrusion of the first polar body, which is characteristic of metaphase II (MII). However, nuclear and cytoplasmic maturation were reached independently during oocyte maturation [1] .
Quality, or developmental competence, is acquired during folliculogenesis as the oocyte grows and during the period of oocyte maturation. As an oocyte grows and matures, it acquires the abilities to resume and complete meiosis, successfully undergo the fertilization process, and initiate and sustain embryonic development [2] . In the course of acquiring these competences, cytoplasmic changes occur, which may include such cellular processes as mRNA transcription [3] [4] [5] , protein translation [6] , ultrastructural changes [7, 8] and post-translational modification of proteins [9] , all involved in meiotic progression and cell cycle control [10] , and other proteins involved in cellular processes critical for developmental success before and after activation of the zygote genome [11, 12] .
Trounson et al. [13] postulated that preincubation of cumulus-corona-oocyte complexes (CCOC) before conventional insemination improves the outcome of IVF. They proposed that a period of culture in vitro is beneficial for the completion of oocyte maturation and to obtain high rates of fertilization and embryo development in vitro.
Several studies evaluating the effect of preincubation period of oocytes in IVF [14] and ICSI procedures [14] [15] [16] showed that the fertilization rate significantly increased with a minimal of 3 h of preincubation before insemination. Cleavage rates and embryo quality were not affected by the preincubation period. With regard to clinical pregnancy rate, only Falcone et al. [14] observed a significant increase from 2 to 5 h of preincubation with embryo transfer at 48 -72 h post insemination [13] [14] [15] [16] .
Physiologically, the uterus provides a nutritional environment different from than in the fallopian tubes. Therefore, embryo transfer in the cleavage stage would cause homeostatic stress of the embryo and reduction in its implantatory potential [17] . Consequently, the transfer in blastocysts stage would allow a better synchronization with rhythm of uterine contractions and the embryo [18, 19] , and enhance the likelihood of pregnancy [20] [21] [22] . Some studies including >100 selected patients have reported high pregnancy rates after single blastocysts transfer on Day 5 [23] [24] [25] .
We hypothesize that a preincubation period of oocytes after their retrieval from IVF and ICSI procedures will affect embryo quality and clinical outcomes when the embryo transfers are at blastocysts stage. Thus, the objective of this study was to report clinical outcomes obtained with two preincubation periods of oocytes (≤3 h or ≥4 h) before the insemination procedure with blastocyst stage transfer.
MATERIALS AND METHODS

Patients
This is a retrospective non randomized study based on secondary analysis of data obtained from 118 cycles of IVF and ICSI at the Laboratory of Assisted Reproduction of Alcivar Hospital (Guayaquil, Ecuador) during the period January 2009 to December 2010. This study was approved by the Institutional Review Board (IRB) and the corresponding Ethics Committee at the Alcival Hospital (Guayaquil, Ecuador).
The evaluated groups were formed for those patients whose oocytes after retrieval were inseminated at 1 -3 h (Group I) or 4 -6 h (Group II). The age range of the patients was 26 -41 year-old in both groups. All embryo transfers were made at blastocyst stage.
Controlled Ovarian Stimulation and Oocyte Collection
The menstrual cycles of patients were stimulated using recombinant FSH (rFSH) (Puregon ® , Organon Laboratories, Ecuador), HMG (Merional ® , IBSA Laboratories, Ecuador) and GnRH antagonist (Orgalutran ® Organon, Laboratories, Ecuador) according to the stimulation protocols previously established and starting on Day 2 of the menstrual cycle until at the least three follicles reached ~18 mm in diameter. The oocyte retrieval was performed by vaginal ultrasound 36 h after i.m. application of hCG (Pregnyl ® 10,000 UI, Organon Laboratories, Ecuador). For the procedure, the patient was under general anesthesia with 200 mg of Propofol iv (Diprivan ® 1% P/V; AstraZeneca laboratories, UK).
During follicular aspiration procedure the oocytes were recovered in Global ® -HEPES-buffered medium (IVFonline, Canada) supplemented with 10% vol/vol Serum Substitute Supplement (SSS; Irvine Scientific, USA). After retrieval with the help of two sterile needles, cumulus-oocyte complexes were trimmed of excess cumulus cells to prevent accumulation of debris and red blood cells and then maintained in ~200 µl drops of Global ® -Fertilization medium (IVFonline, Canada) plus 10% SSS under oil at 37˚C and an atmosphere containing 5.8% CO 2 in air until the recovered oocytes were inseminated or injected. None of the oocytes were damaged by cleaning procedure.
Preparation of Spermatozoa
The semen samples were collected by masturbation from the recipients' partners. Motile spermatozoa were separated from the seminal plasma by centrifugation through 1.0 ml 95% and 45% Isolate gradients (Irvine Scientific, USA). For oligospermic samples the sperm were washed and resuspended in varying amounts of sperm washing medium depending on initial concentration and motility and then placed into 10 µl drops of HEPES-buffered Global medium + 10% SSS for ICSI.
Insemination, Fertilization and Embryo Culture
All oocytes were inseminated or injected, depending about seminal characteristics, with spermatozoa from recipient's husband. After insemination procedure (day 0), all oocytes were cultures at 37˚C in an atmosphere of 5.8% CO 2 in air.
In both groups, the fertilization was evaluated 16 -18 h after injection by presence of two pronuclei (day 1). The zygotes were individually cultured under mineral oil, in 10 µl droplets of Global ® medium (IVFonline, Canada) supplemented with 10% vol/vol SSS from day 1 to day 3. On day 3, the embryos were moved to fresh 10 µl droplets of Global ® medium + 10% SSS.
Embryo Quality
On day 3 the embryos were evaluated for cell number, fragmentation, and multinucleation. Good quality day 3 embryos were defined as those with 6 -8 cell and ≤10% of fragmentation. Good quality blastocysts were defined as having an inner cell mass (ICM) and trophoectoderm type A or B [26] . The ICM score was evaluated as follow: type A = compact area, many cells present; type B = cells are loosely grouped. The trophoectoderm was scored as follows: type A = many cells forming a tight epithelial network of cells; type B = few cells forming a loose network of cells.
group I, the rate of transfer was 1.97 ± 0.29 blastocyst/patient (Mean ± SD) and; in group II, 2.06 ± 0.29 blastocyst/patient (Mean ± SD). The blastocysts that were not transferred were cryopreserved or discarded according to their morphology. The blastocyst transfer was performed with a Labotech Embryo Transfer Catheter Set ® (Labotect, Germany) that had been previously washed with culture medium. The catheter was completely filled with culture medium and the blastocysts filled in the last 10 µl of the catheter. All transfers were performed according to the methods previously described by Mansour [27] .
Pregnancy Assessment
The biochemical pregnancy was assessed 12 days after the blastocyst transfer by measuring the Human Chorionic Gonadotropin beta subunit (hCG-b) in blood. The clinical pregnancy was determined by transvaginal ultrasonography to detect gestational sacs and fetal heartbeats at approximately 21 and 28 days after transfer, respectively.
Statistical Analysis
Data were statistically analyzed using the χ 2 test and Student's t-test as appropriate and differences were considered to be significant at P < 0.05. All statistical analysis was carried out using the statistic package Stata 10 (StataCorp, College Station, TX).
The normal fertilization was calculated from the number of zygotes with two pronuclei divided by the number of mature oocytes inseminated times 100. Clinical pregnancy rate per transfer was calculated from the number of patients with blastocyst transfer with at least one gestational sac divided by the total blastocyst transfers times 100. Implantation rate was calculated by dividing the number of gestational sacs (observed by ultrasound at the 21st day post transfer) by the total number of blastocysts transferred times 100. Miscarriages were defined as the number of pregnancies with total loss of the gestational sacs before the 20 weeks of gestation over the number of pregnancies times 100.
RESULTS
The ages of patients were similar in both evaluated groups (34.31 ± 3.59 vs 33.39 ± 3.78 years). Laboratory results obtained from group I (1 -3 h) and control group (4 -6 h) are shown in Table 1 . A total of 314 and 950 oocytes were collected from patients of group I and group II respectively. Two hundred seventy nine oocytes from group I and six hundred ninety six oocytes from group II were inseminated. There was no difference in the number of inseminated (IVF) or injected (ICSI) oocytes in both group evaluated (data no shown). The normal fertilization (2PN) was similar in both evaluated groups (Group I: 83.6% vs Group II: 78.1%; P:NS). In group I, the cleavage rate by embryo at Day 3 was 95.1%, whereas in group II it was 97.1% (P:NS). Embryos from group I had mean cell numbers at Day 3 significantly higher compared to those embryos from group II (P < 0.05). Embryo quality derived from oocytes that were inseminated 1 -3 h was similar to those that were inseminated at 4 -6 h (76.0% vs 80.1%). Blastocyst development rates were similar in both study groups (31.1% vs 39.1%). In addition, embryos reaching the blastocyst stage were morphologically similar in both groups. Clinical outcomes are shown in Table 2 . The mean value for blastocysts was significantly lower for the patients of group I than those for the patients of group II (2.41 ± 1.78 vs 3.37 ± 2.03; P < 0.05). In group I, a total of sixty nine blastocysts were transferred to 35 patients with a mean value of 1.97 blastocysts. In group II, a total of one hundred seventy one blastocysts were transferred to 35 patients with a mean value of 2.06 blastocysts. The mean quality values of blastocysts transferred was similar in both analyzed groups (P:NS).
The patients of group I compared with group II had significantly higher clinical PR (22.9% vs 53.0%; P < 0.05) and IR (13% vs 38.1%; P < 0.05) respectively. Miscarriage and biochemical pregnancy rates were similar in both groups (P:NS). For group I, one and two gestational sacs were observed in seven (87.5%) and one (12.5%) patients respectively. For group II, one and two gestational sacs were observed in twenty eight (63.6%) and sixteen (36.4%) patients respectively. These percentages were similar in both evaluated groups (P:NS).
DISCUSSION
Complete nuclear and cytoplasmic maturation of oocytes is essential for the activation of oocytes at fertilization and the development of embryos [28] . An oocyte is considered to reach nuclear maturity when its meiosis is arrested again at MII with the presence of an extruded first polar body. However, nuclear and cytoplasmic maturation are acquired independently during oocyte maturation [1, 29] .
Cytoplasmic maturation encompasses a wide array of metabolic and structural modifications, including events that ensure the occurrence of normal fertilization, meiotic to mitotic cell cycle progression, and activation of pathways required for genetic and epigenetic programmes of preimplantation embryonic development [1, [30] [31] [32] [33] . On the other hand, deficient cytoplasmic maturity may be reflected by certain cytoplasmic abnormalities such as cytoplasmic inclusions, vacuoles, smooth endoplasmic reticulum (sER) clustering visible at light microscope level [34] . In previous studies, the incidence of vacuoles in MII oocytes varied between 5.7% [35] and 12.4% [36] . De Sutter et al. [35] showed a severely reduced fertilization rate in vacuolized oocytes (40%) compared with gametes without vacuolization (69.9%). Several studies evaluating the presence of sER in human oocytes have shown no differences on fertilization and cell division rates [37]; however, negative effects on the blastocyst formation rate, clinical pregnancy rate [37] [38] [39] and implantation rate were evident [40] .
Our data suggests that overall fertilization rate is not influenced by preincubation time of oocytes before insemination. However, we observed a significantly greater cell number in embryos at Day 3 achieved from group II oocytes, which had a longer culture time (4 -6 h) compared to group I (1 -3 h), indicating a better preimplantation embryonic development under the same culture conditions, and similar results were obtained for Falcone et al. [14] . The present results confirm that the quality of embryo cleavage depends on the period of oocyte preincubation before insemination. Additionally, cleavage rate, cleavage stage embryo morphology, cytoplasmic fragmentation and multinucleation have been shown to be important markers of embryo quality and viability that may be observed over time during in vitro culture. After the advent of extended embryo culturing, higher IRs have been reported because of better embryo selection compared with earlier developmental stages and because Table 2 . Clinical outcomes in those patients whose oocytes were inseminated at ≤3 h or ≥4 h after oocyte retrieval.
Group I (1 -3 h)
Group II (4 -6 h) P Previous studies have shown that during the growth phase, arrested oocytes accumulate a large store of messenger RNA (mRNA) and proteins that function after fertilization to support and regulate preimplantation embryonic development [41, 42] , and whose oocytes with deficient mRNA or protein accumulation can not complete the cytoplasmic maturation process [43] [44] [45] . On the other hand, preimplantation mammalian embryos display an impressive capacity to adapt to the pressures that suboptimal culture environments place upon them. The embryo can compensate, at least partially, for missing components or offset the presence of deleterious components by adjusting its developmental program [46] [47] [48] .
As human embryo gene expression is switched on at around the 8-cell stage before compaction [49] , only embryos that undergo the transition from maternal to embryonic genome might reach the blastocyst stage. Furthermore, there are both cytoplasmic and nuclear reasons why a large proportion of embryos stop developing before implantation. For example, blastocyst formation in the mouse is dependent on the relocation of cytoplasmic organelles, alterations to membrane transport system and transcripts in the oocyte generated before fertilization during cytoplasmic maturation process [32, 45, 50] . Gross abnormalities in nuclear and cytoplasmic maturation process generally interrupt the meiotic cycle or block fertilization, but more subtle imperfections during oocyte cytoplasmic maturation may be manifested during the late cleavage or blastocyst stage.
Many reports have underlined the difficulties of correctly selecting the best embryo on Day 2 [51] or on Day 3 [52, 53] . The aim of extending embryo culture to blastocyst stage is to select an embryo with increased probability of implantation rather than to improve embryo quality. In our study all transfers were made at blastocyst stage and similar blastocyst formation rate in both groups was evident, but patients whose oocytes were preincubated 4 -6 h prior insemination procedure had higher implantation and pregnancy rates than those whose oocytes were incubated 1 -3 h (P < 0.05), suggesting that the oocyte maturation is an important process required to achieve optimal oocyte quality and a subsequent genetically normal embryo. The aneuploidy rate has been reported to be lower for blastocysts compared with top quality Day 3 embryos, even when genetic abnormalities have not prevented development to the blastocyst stage [54] [55] [56] .
To conclude, our data indicates that a period of preincubation ≥4 h before insemination improves oocyte quality, thus allowing adequate nuclear and cytoplasmic maturations to take place, which will be evident during embryo development and will be reflected in implantation and pregnancy rates. Additionally, we suggest more studies randomized controlled on the effect of preincubation time before the process of oocyte insemination with blastocyst transfer in cycles of IVF and ICSI.
